In recent years a considerable reduction of early mortality rate after severe head injury has been achieved by the application of intensive care procedures. Yet, improved medical treatment, combined with a high incidence of head injuries, has resulted in an increase in the number of severely disabled survivors. Thus, London (1967) calculated that head injuries account for over 1 000 so-called 'lamebrains' annually in Britain alone, approximately one half of whom will never work again.
In view of the size and importance of this problem, the interest of psychologists in the assessment ofcognitive recovery after severe head injury has been remarkably limited. Apart from a handful of pioneering studies (Conkey, 1938; Ruesch and Moore, 1943; Ruesch, 1944; Tooth, 1947) , psychologists have preferred to study the effects of localized brain lesions rather than the diffuse damage resulting from the acceleration-deceleration effects of head injuries. And even these early studies are handicapped by vague or poorly standardized criteria of intellectual function, as well as often being restricted to patients with relatively mild injuries. In 1968 an editorial in the Lancet pointed to this gap in our knowledge and called for longitudinal psychological studies of head-injured patients with a view to elucidating the mechanism of recovery. It suggested that such knowledge might (Accepted 17 June 1975.) 1121 indicate how recovery might be assisted, and the nature of the final outcome predicted.
A prospective study of severe head injuries admitted to the Division of Neurosurgery at the Institute of Neurological Sciences of Glasgow University was initiated in 1968. Data were collected on a wide array of clinical and pathological features, and in survivors serial psychological testing was carried out wherever possible; patients from distant areas sometimes could not be followed up. Since the Institute is the only neurosurgical centre for a large area, those admitted were preselected as being likely to require neurosurgical intervention; thus, while the series may be representative of severe head injuries referred for special care, it probably includes a disproportionate number with intracranial haematomas.
The present paper seeks to outline at a descriptive level the natural course of recovery of cognitive functions after a severe head injury, employing as an index the Wechsler Adult Intelligence Scale (WAIS) (Wechsler, 1955) , a well-standardized and widely used psychometric instrument. Serial testing was carried out at intervals, in some instances over a period of more than three years from injury. METHOD SUBJECTS Forty head-injured patients were studied from whom WAIS data were gathered at the time Table 1 , which also shows other clinical indices of severity). The duration of PTA has been suggested as the best available index of severity of injury (Russell and Smith, 1961; Russell, 1971) . Some of these effects will be dealt with in a later paper. Accordingly, the first test was delayed until the patient had emerged from PTA. The large catchment area of the Institute, and the concomitant problems of transportation, led to difficulties in testing subjects at regularly spaced intervals. As a result, it was decided to classify test results into blocks in relation to time elapsed since injury. The time blocks were as follows: (1) 0 to three months (mean= approximately six weeks); (2) four to six months (mean=approximately 19 weeks); (3) seven to 12 months (mean=approxi-mately 10 months); and (4) over 13 months (mean= approximately three years). These will sometimes be referred to as the six-weeks, five-month, 10-month, and three-year tests respectively. Ten of the headinjured subjects were tested in all four time blocks; 10 tested in time blocks (2) through (4); 10 tested in blocks (3) and (4); and 10 tested in block (4) (Quereschi, 1968) , these effects being generally more pronounced for the Performance than the Verbal IQ (Wechsler, 1958 ). Test-retest WAIS studies on braininjured patients to examine practice effects do not appear to have been performed, however; though Diller et al. (1971) found no significant improvement on a reduced WAIS battery in 30 hemiplegics used as controls in a cognitive retraining study.
In the present study, one patient subgroup was tested three times before the three-year administration; a second subgroup was tested twice; a third subgroup tested once only; while the fourth subgroup received no test before the three-year administration. Thus, it was possible to investigate the effects of practice on the threeyear scores by subjecting these to analysis of variance across subgroups. The N being as small as 10 in each subgroup, the non-parametric Kruskal-Wallis one-way analysis of variance (Siegel, 1955) Table 2 . Owing to the combination of subgroups of head-injured patients a situation arises in which, for purposes of analysis of variance, there is neither an 'independent group' nor a 'repeated measures' design, but rather a mixture of both. In the absence of a standard solution to this problem, it was decided to treat the time blocks as though they were independent groups, with the scores of the comparison group being regarded as a fifth group. This, together with a more rigorous criterion of statistical significance (P<0.01) was regarded as a sufficiently stringent condition under which to test the null hypothesis. One-way analyses of variance were performed across all five 'groups'. Fs were significant at least at P < 0.01 for all IQs and for all subtests with the exception of Similarities and Arithmetic (the latter was significant at P < 0.05). After the F tests, t tests were performed to determine the significance of successive observed improvements. While all scores except Similarities improved significantly from initial to post-I 3-month administrations, change from one administration to the next was small and by and large non-significant. The only exceptions to this rule were for Picture Completion, the mean improvement of 2.2 scale points on which between the six-week and five-month administrations was significant (t=2.73; P<0.05); as was the improvement on Digit Symbol between the 10-month and three-year administrations (t = 2.42; P <0.05). (Morrow and Mark, 1955; Kl0ve and Reitan, 1958; Kl0ve, 1959; Ladd, 1964) . However, it should be stressed that this pattern of impairment on the WAIS corresponds to that typically displayed by right hemisphere and/or bilaterally damaged groups (Reitan, 1955; Balthazar et al., 1961; Reed and Reitan, 1963; Simpson and Vega, 1971) , despite the apparent preponderance of left hemisphere injured patients (judging by side of hemiparesis) in the present sample. This discrepancy might be explained by the occurrence of bilateral lesions due to the likely presence of contrecoup damage, in line with the recent findings of Eileen Smith (1974) on head-injured patients. Yet contrecoup is not the only mechanism by which bilateral brain damage may be sustained in patients with accelerationdeceleration injuries whose initial neurological signs point to mainly unilateral involvement. In many fatal injuries there is histological evidence of widespread secondary brain disruption both in the form of ischaemic damage (Graham and Adams, 1971; Adams and Graham, 1972) , and of white matter degeneration probably due to stretching or tearing of neural fibres under the shearing forces set up during the rotational acceleration-deceleration of the head at the moment of trauma (Strich, 1961) . Bilateral brain damage must be assumed to be common after blunt head injuries, as distinct from injuries caused by small missile fragments or localized depressed fracture.
Yet this does not explain the discrepancy between the Verbal and Performance subtests, the mean difference between which was 19 IQ points at the six-week administration. Even granted the differential involvement of the left and right cerebral hemispheres in the Verbal and Performance subtests respectively, the problem of the relative fragility of the Performance tests, and their delayed recovery, is not accounted for. The answer to this question seems more likely to lie in the more complex nature of the Performance items. Verbal items can often be answered by a simple, readily elicited response, and to this extent the Verbal subtests may be regarded as structurally simpler than the Performance subtests, success on which appears to demand the integration of a number of complex functions including perception, learning, manual dexterity, speed, and attention. Thus, the poorer results on the Performance tasks may be regarded as representing the final common path of several different, and possibly additive, potential failures, any one of which might in itself be sufficient to depress Performance skills. On this view it may be the relative complexity of the Performance tasks rather than their non-verbal nature per se which is the critical feature in determining their initial fragility and their slower return to the level of the comparison group.
It is, however, this eventual recovery of the WAIS scores which is the most surprising of the findings of this study. Since there is, moreover, no reason to believe that the scores of the neurotic comparison group differed in any significant respect from those of an unselected 'normal' population (Yates, 1954 (Yates, , 1966 Payne, 1960) , it may be said that the cognitive abilities of the head-injured patients as a group eventually returned to normal levels, despite the severity of their injuries as assessed by duration of PTA.
While there is evidence that PTA duration correlates with deficits on a variety of physical, sensory, memory, and psychiatric parameters (Norrmann and Svahn, 1961; Russell and Smith, 1961; Brooks, 1972 Brooks, , 1974 Bond, 1974) , the evidence for its correlation with purely cognitive deficits is somewhat more ambiguous, and the present results would tend to be congruent with the finding of Dencker (1958) that duration of PTA does not predict cognitive outcome.
